During a study of endophytic bacteria from coastal dune plants, a bacterial strain, designated YC6881 T , was isolated from the root of Rosa rugosa collected from the coastal dune areas of Namhae Island, Korea. The bacterium was found to be Gram-staining-negative, motile, halophilic and heterotrophic with a single polar flagellum. Strain YC6881
The genus Rhizobium previously accommodated all of the root nodule bacteria; however these bacteria have now been divided into different genera including Rhizobium, Mesorhizobium, Bradyrhizobium and Sinorhizobium, etc. based upon their phylogenetic relationships. Species of the genus Rhizobium are fast-growing and mainly symbiotic bacteria and belong to a diverse community of micro-organisms that are capable of inducing nodules on many terrestrial and aquatic leguminous plants (Chaintreuil et al., 2000; Squartini et al., 2002; Valverde et al., 2006; Wei et al., 2002 Wei et al., , 2003 ZurdoPiñeiro et al., 2004) . Some species of the genus, such as Rhizobium daejeonense, Rhizobium cellulosilyticum, Rhizobium selenitireducens, Rhizobium alamii, are not able to nodulate (Quan et al., 2005; García-Fraile et al., 2007; Hunter et al., 2007; Berge et al., 2009) . Rhizobia have great environmental and agricultural importance because their symbioses with legumes are responsible for most of the atmospheric nitrogen fixed on earth. They may also occur as endophytes in the roots of cereals including rice, wheat and maize (Rosenblueth & Martínez-Romero, 2004; Schloter et al., 1997; Yanni et al., 1997) . During the analysis of endophytic bacterial diversity of coastal dune halophytes, several endophytes were isolated from different halophytes, and a novel strain YC6881 belonging to the genus Rhizobium was isolated from the root of a dune plant and characterized in this study.
Fifty two bacterial strains were isolated from surfacesterilized roots of a coastal dune plant, Rosa rugosa Thunb. ex Murray, growing on coastal tidal flats of Namhae Island (34 u 509 15.620 N; 127 u 539 32.720 E) located in south Korea. The bacterial strains were identified on the basis of 16S rRNA gene sequence similarity, and their 16S rRNA gene sequence similarities with the related genera were 95.7-100 %. One novel strain designated YC6881
T had 95.4-96.9 % 16S rRNA gene sequence similarity with recognized species of the genus Rhizobium.
Strain YC6881
T was isolated from the roots of Rosa rugosa as described previously (Chung et al., 2008) and maintained on marine agar 2216 (MA; Difco) and R2A agar. Other reference strains used in this study, including Rhizobium borbori, Rhizobium radiobacter, R. daejeonense, Rhizobium larrymoorei and Rhizobium giardinii, were grown on R2A agar and incubated at 28 u C for further experiments.
Cell morphology was observed using a transmission electron microscope (H-600; Hitachi) with cells grown for 1 day at 30 u C in R2A broth (Difco). Motility was checked using a hanging-drop method (Schaal, 1986) . Cells of strain YC6881
T were Gram-staining-negative, nonspore-forming, short rods (Fig. S1 , available in IJSEM Online). The pH range for growth was tested using R2A broth, adjusted to different pH values (pH 5.0-11.0, intervals of 0.5 units) by using the appropriate biological buffers as described by Xu et al. (2005) . The temperature ranges for growth were determined by incubating strain YC6881 T on R2A agar at different temperatures (4, 10, 20, 25, 28, 30, 37, 40 and 45 u C), and the optimum temperature for growth was tested in R2A broth by measuring turbidity at 600 nm using a spectroscopic method (Optizen 2120UV; Mechasis). Requirement for, and tolerance to NaCl were determined in R2A broth supplemented with 0-10 % (w/v) NaCl at 0.5 % intervals. Catalase and oxidase tests were performed by the procedures as outlined in Cappuccino & Sherman (2002) . Nitrate reduction was determined according to the method of Lányí (1987) . Anaerobic growth was determined at 28 u C after 2 weeks incubation in GasPak EZ Anaerobe Pouch System (BD) on R2A agar according to the manufacturer's instructions. The physiological properties of strain YC6881
T and related type strains were determined using tests as described: hydrolysis of casein, gelatin, tyrosine, starch, aesculin, urea, (Lányí, 1987; Gerhardt et al., 1994) and cellulose (Hendricks et al., 1995) . Resistance to antibiotics was determined according to the method described by Gao et al. (1994) . Enzyme activities and other physiological and biochemical properties were tested by using the API 20E, API 20NE, and API ZYM systems (bioMérieux). The utilization of various substrates as sole carbon sources was tested by using GN2 MicroPlates (Biolog) in accordance with the manufacturer's instructions. Results of the phenotypic, physiological and biochemical analysis of strain YC6881
T are listed in Table 1 and the species description. The ability to utilize Tween 40, Tween 80 and i-erythritol but not maltose as a sole carbon source, the production of indole, and the high tolerance to NaCl (7.5 %, w/v) could differentiate strain YC6881 T from other reference type strains.
The 16S rRNA gene of strain YC6881
T was amplified from the extracted DNA by using primers 27F and 1492R (Lane, 1991) . The purified PCR product was sequenced by GenoTech Co. Ltd, Korea. To ascertain the phylogenetic position of the novel strain, the 16S rRNA gene sequence (1480 nt) of strain YC6881
T was compared with sequences obtained from NCBI and the EzTaxon server (Chun et al., 2007) . Multiple alignments of the sequences were performed by using CLUSTAL_X, version 1.83 (Thompson et al., 1997) . Gaps were edited using the BioEdit program (Hall, 1999) . The evolutionary distances were calculated using the Kimura two-parameter model (Kimura, 1983) , and the phylogenetic trees were constructed by using the neighbour-joining method (Saitou & Nei, 1987) in the MEGA 4.0 software (Tamura et al., 2007) with bootstrap values based on 1000 replications (Felsenstein, 1985) . In the phylogenetic trees, the neighbour-joining and maximum-likelihood algorithms confirmed that strain YC6881
T was phylogenetically related to species of the genus Rhizobium, as it fell within the clade comprising species of the genus Rhizobium, and particularly formed a cluster with R. borbori, Rhizobium aggregatum, R. larrymoorei, R. rosettiformans, R. daejeonense and R. giardinii (Figs 1 and S2 ). The 16S-23S intergenic spacer (IGS) has been used as an important guideline in bacterial taxonomy (Jensen et al., 1993) . The IGS sequences from strain YC6881 T were amplified by using the method and primers described previously (Tan et al., 2001) . The neighbourjoining phylogenetic tree constructed from IGS sequences ( Fig. S3 ) also showed that strain YC6881
T formed a compact phylogenetic cluster with type strains of species in the genus Rhizobium, supported by a high bootstrap value (96.0 %).
To further clarify the taxonomic status of strain YC6881 T , three housekeeping genes atpD, recA and glnII were amplified with the corresponding primer pairs, atpD255F and atpD782R, recA41F and recA640R and glnII12F and glnII689R, respectively (Gaunt et al., 2001; Turner & Young, 2000; Vinuesa et al., 2005a, b) . The PCR products were sequenced directly and phylogenetic trees were constructed using the MEGA 4.0 software as in the 16S rRNA gene analysis. Strain YC6881 T exhibited 88.5-91.8 % atpD gene sequence similarity, 88.4-86.0 % recA gene sequence similarity and 86.6-88.9 % glnII gene sequence similarity to type strains of species of the genus Rhizobium. The low similarities between strain YC6881
T and the reference strains indicated that strain YC6881
T represented a species distinct from those currently described. In neighbour-joining trees based on atpD, recA and glnII gene sequences, strain YC6881
T also formed distinct phylogenetic lineages within the clade comprising species of the genus Rhizobium (Figs S4, S5 and S6). For the measurement of the DNA G+C content of strain YC6881 T genomic DNA was extracted and purified as described by Data were obtained in this study except for R. rosettiformans which are taken from Kaur et al. (2011) . +, Positive; 2, negative. Ausubel et al. (1995) . The purified genomic DNA was enzymically digested into nucleotides and the G+C content was determined as described by Mesbah et al. (1989) using reverse-phase HPLC. Isoprenoid quinones were isolated using the methods of Minnikin et al. (1984) and separated by HPLC (Kroppenstedt, 1982) . The G+C content of the genomic DNA of strain YC6881 T was 52.8 mol% and the isoprenoid quinone was ubiquinone-10 (Q-10).
Analysis of cellular fatty acids has become a useful method to characterize and identify bacteria, especially in the study of Rhizobium (Tighe et al., 2000) . Fatty acids were analysed for strain YC6881
T and five reference strains (R. borbori DN316 T , R. radiobacter ATCC 19358 T , R. daejeonense KACC 13094, R. larrymoorei KCTC 12935 T and R. giardinii KACC 10720 T ) from cells grown on yeast mannitol agar (pH 7) for 24 h at 28 u C. Cellular fatty acids were saponified, methylated and extracted according to Sasser (1990) . The fatty acids analysed by GC (6890; Hewlett Packard) were identified using the Microbial Identification software package (Microbial ID, Inc.). The cellular fatty acid profiles of strain YC6881
T and the five reference strains are presented in Table 2 , together with data for R. rosettiformans W3
T (Kaur et al. 2011) . The fatty acid profiles of the seven strains were essentially similar in that C 18 : 1 v7c was the major fatty acid, although there were differences in the proportions of some fatty acids. The distinctive proportion of C 19 : 0 cyclo v8c confirmed that the seven strains were distinct from each other. Overall, the fatty acid profile of strain YC6881
T was in accordance with that expected for members of the genus Rhizobium and supported the placement of strain YC6881
T in this genus.
Polar lipids were extracted by the modified method of Minnikin et al. (1984) and separated by TLC on Kieselgel 60-HPTLC plates (Merck). Aminolipids were detected by spraying the plate with a 0.2 % (w/v) solution of ninhydrin in water-saturated-butanol, followed by heating at 105 u C for 10 min (Ross et al., 1985) . Phospholipids were detected by spraying the plate with Zinzadze reagent (Dittmer & Lester, 1964) . Glycolipids were detected with 1-naphthol spray reagent and heating at 100 u C for 3-5 min (Jacin & Mishkin, 1965) . Phosphatidylcholine was detected with Dragendorff reagent (Sigma-Aldrich). Total lipid profiles were detected by spraying with phosphomolybdic acid solution (Sigma-Aldrich) followed by heating at 150 u C for 10 min. Strain YC6881 T exhibited a polar lipid profile consisting of phosphatidylglycerol, diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine, two unknown aminophosphoglycolipids, an unknown glycolipid and five unknown lipids (Fig. S7) . This was a similar major polar lipid profile to R. borbori DN316 T , but four unknown lipids were detected only in strain YC6881
T and an additional unknown aminophosphoglycolipid was detected only in R. borbori DN316 T . The absence of an unknown phospholipid and an unknown aminolipid also clearly distinguishes strain YC6881
T from strain R. borbori DN316 T (Fig. S7) . Therefore, the polar lipid profile was useful for confirming that strain YC6881
T represents a novel species within the genus Rhizobium.
Nodulation and nitrogen-fixation abilities are important characteristics of members of the genus Rhizobium, and host range is an important feature for the description of novel rhizobial species (Graham et al., 1991 
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Rhizobium galegae ATCC 43677 T (D11343) Bradyrhizobium japonicum ATCC 10324 T (U69638) the symbiotic properties of strain YC6881 T , a crossnodulation test was performed. Seeds of Vigna unguiculata, Pisum sativum and Medicago sativa were surface sterilized, pre-germinated and inoculated according to the standard method of Vincent (1970) with some modifications. After germination on solid nitrogen-free Murashige and Skoog (MS) salt medium (Gibco-BRL) which included 0.8 % (w/ v) agar and 1.5 % (w/v) sucrose, 4 day-old seedlings were inoculated by dripping 200 ml bacterial suspension at 10 8 c.f.u. ml 21 onto the root tip; 2 ml of this suspension was also added to each container around the seedling after sowing. Plants were grown for 3-4 weeks in a growth chamber at 25 u C with a 12 h photoperiod. Results showed that strain YC6881
T could form nodules on Vigna unguiculata and Pisum sativum, but not on Medicago sativa.
The results of the phylogenetic analysis, morphological and chemotaxonomic investigations supported the affiliation of strain YC6881
T to the genus Rhizobium. The characteristics that differentiate strain YC6881
T from related species of the genus Rhizobium are summarized in Table 1 . The differences in some features, such as biochemical characteristics, isolation source, DNA G+C content, fatty acid composition, polar lipid composition, 16S rRNA, atpD, recA, and glnII gene sequence similarity can be used to distinguish this strain from phylogenetically related taxa. Based on the results obtained in this study, strain YC6881
T represents a novel lineage of Rhizobium and is distinct from recognized species. Therefore, we propose that strain YC6881 T represents a novel species of the genus Rhizobium, for which the name Rhizobium halophytocola sp. nov. is proposed.
Description of Rhizobium halophytocola sp. nov.
Rhizobium halophytocola [ha.lo.phy.to9co.la. Gr. n. hals halos salt; Gr. n. phyton a plant; L. suff. -cola (from L. n. incola) inhabitant, dweller; N.L. n. halophytocola inhabitant of a halophyte, Rosa rugosa].
Cells are Gram-staining-negative, aerobic, motile, nonspore-forming rods (0.8-1.262.2-2.6 mm) with a single polar flagellum. Colonies on R2A agar are circular, semitranslucent and 1-2 mm in diameter after 3 days of incubation at 28 u C. Grows at 4-37 u C but not at 40 u C (optimum, 28-30 u C), and at pH 6.0-9.0 (optimum, pH 7.0-8.0). Grows in R2A broth containing 7.5 % (w/v) NaCl (optimum, 2.5-5.5 %), but not in 8.0 % NaCl. Cells are catalase-and oxidase-positive. Does not reduce nitrate to nitrite. Positive result in tests for indole production and utilization of citrate. Hydrolyzes aesculin, urea, gelatin, starch, casein and cellulose but not tyrosine. Utilizes the following carbon compounds oxidatively: Tween 40, Tween 80, i-erythritol, L-fructose, D-mannose, pyruvic acid methyl ester, succinic acid monomethyl ester, cis-aconitic acid, formic acid, D-galactonic acid lactone, D-glucuronic acid, aketoglutaric acid, bromosuccinic acid, succinamic acid, glucuronamide, L-alaninamide, DL-carnitine, urocanic acid and glycerol, but does not utilize maltose. Resistant to (mg ml -1 ) chloramphenicol (10) and erythromycin (20), but not ampicillin (20) or kanamycin (10). The polar lipid profile comprises phosphatidylglycerol, diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine, two unknown aminophosphoglycolipids, an unknown glycolipid and five unknown lipids. Nodulates Vigna unguiculata and Pisum sativum. The respiratory quinone is ubiquinone-10, and the major fatty acid components (.10 % of the total) are C 18 : 1 v7c and C 19 : 0 cyclo v8c.
The type strain, YC6881
T (5KACC 13775 T 5DSM 21600 T ), was isolated from the internal root tissue of Rosa rugosa Thunb. ex Murray, growing on the coast of Namhae Island, Korea. The DNA G+C content of the type strain is 52.8 mol%.
